The floating ice shelves and glacier tongues which fringe the Antarctic 8 continent are important because they help buttress ice flow from the ice sheet interior. 9 Dynamic feedbacks associated with glacier calving have the potential to reduce 10 buttressing and subsequently increase ice flow into the ocean. However, there are few 11 high temporal resolution studies on glacier calving, especially in East Antarctica. Here 12 we use remote sensing to investigate monthly glacier terminus change across six marine-13 terminating outlet glaciers in Porpoise Bay (-76°S, 128°E), Wilkes Land (East 14 Antarctica), between November 2002 and March 2012. This reveals a large 15 simultaneous calving event in January 2007, resulting in a total of ~2,900 km 2 of ice 16 being removed from glacier tongues. Our observations suggest that sea-ice must be 17 removed from glacier termini for any form of calving to take place, and we link this 18 major calving event to a rapid break-up of the multi-year sea-ice which usually occupies 19 Porpoise Bay. Using sea-ice concentrations as a proxy for glacier calving, and by 20 analysing available satellite imagery stretching back to 1963, we reconstruct the long-21 term calving activity of the largest glacier in Porpoise Bay: Holmes (West) Glacier. This 22 reveals that its present-day velocity (~1450 m a -1 ) is approximately 50% faster than 23 between 1963 and 1973 (~900 m a -1 ). We also observed the start of a large calving event 24 in Porpoise Bay in March2016 that is consistent with our reconstructions of the 25 periodicity of major calving events. These results highlight the importance of sea-ice in 26 modulating outlet glacier calving and velocity in East Antarctica.
40% below average. This is the only noticeable (>20%) negative ice anomaly in Porpoise Bay 186 and it coincides with the major calving event described in the previous section (see Fig. 4 ), and 187 strongly suggesting that the two processes are linked. The series of satellite images showing 188 the evolution of the January to April 2007 calving event clearly shows glacier calving taking 189 place after initial sea-ice breakup e.g. Fig. 4b-e . Furthermore, the smaller calving events of 190 Sandford and Frost glaciers all take place after sea-ice had retreated away from the glacier 191 terminus (Fig. 6) . Indeed, throughout the study period, there is no evidence of any calving 192 events taking place with sea-ice proximal to glacier termini. This suggests that glaciers in 193 Porpoise Bay are very unlikely to calve with sea-ice present at their termini. 195 We now turn our attention to reconstructing calving activity and glacier frontal position change 196 over a longer time-period, with a particular focus on the largest glacier -Holmes (West). Our negative monthly mean sea-ice anomalies (~20 to 30%) throughout the sea-ice concentration 207 observational period ( Fig. 7) , we suggest these cannot have resulted in the Holmes West 208 Glacier terminus being sea-ice free. For its terminus to be clear of sea-ice, the sea-ice in the 209 outer regions of Porpoise bay closest to the open ocean must be removed before the sea-ice 210 close to its terminus. Therefore, it is only the large sea-ice anomalies which can result in the 211 Holmes (West) Glacier terminus being sea-ice free i.e. the removal of all sea-ice in the bay.
Longer-term glacier calving cycles

212
Thus, it is very likely Holmes (West) Glacier calved in April 1986 and February 2002. Ideally, 213 we would test this by analysing a series of satellite images (e.g. Fig 4) . However, because there 214 is no cloud-free satellite imagery available around the time of its proposed calving periods 215 (April 1986 and February 2002) , we rely on a comparison between satellite images that are as 216 close as possible to before and after the major sea-ice break-up events.
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By analysing available satellite imagery from October 1997 and August 2002 (see Fig. 8 ), it is 218 clear that there has been a large calving event at Holmes (West) Glacier at some point between 219 these dates. This is because the August 2002 position is around 15 km behind the October 1997 220 position ( Fig. 8b ). As noted above, our observations of sea-ice concentrations ( Fig. 7) suggest 221 that the most likely time would be in February 2002, which is the only major negative sea-ice 222 anomaly that might have been large enough to indicate an absence of sea-ice in front of the 223 glacier's terminus. This is further supported by observations of Holmes (West) Glacier calving 224 front in August 2002 (i.e. little crevassing) ( Fig. 8b) , which is entirely consistent with a calving 225 event having taken place a few months beforehand.
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The nearest available satellite imagery either side of the April 1986 sea-ice break-up event is in 227 January 1973 and February 1991 ( Fig. 9 ) and, again, it is clear from the position of the glacier 228 terminus in February 1991 that there has been a calving activity at some point between these 229 dates, which we suggest occurred in April 1986 based on the major negative sea-ice 230 concentration data. Indeed, the terminus position of Holmes (West) Glacier in February 1991 is 231 entirely consistent with a calving event in April 1986, assuming that it calves to a similar 232 position following each calving event e.g. perhaps losing the unconstrained section of its 233 glacier tongue. That is, if the glacier calved in April 1986, as we suggest, we would expect it to 234 have advanced by the time of the next available image in February 1991 ( Fig. 9b ). Therefore, resulted in the loss of ~1,500 km 2 of ice from glacier tongues in Porpoise Bay. The calving 283 event is likely incomplete and may continue, potentially also influencing Glacier 1 and 2. We 284 note that the recent calving of Holmes (West) Glacier is entirely consistent with our earlier 285 observations in that: 1) sea-ice must be removed in order for Holmes (West) Glacier and other 286 glaciers in Porpoise Bay to calve (Fig.14) ; 2) Holmes (West) glacier undergoes a major calving 287 event after reaching a similar position in each calving cycle (e.g. Fig. 12) ; 3) Holmes (West) 288 glacier retreats to a similar position after each calving event. Furthermore, we can now 289 estimate that the previous three calving cycles of Holmes West glacier have been in ~29 290 (~1957-1986), 16 (1986-2002) and 14 (2002-2016) year cycles. 293 We report a major, synchronous calving event in January 2007 that resulted in ~2,900 km 2 of 294 ice being removed from glacier tongues in the Porpoise Bay region of East Antarctica. This is 295 comparable to some of the largest disintegration events ever observed in Antarctica e.g. Larsen February 1991, which indicates a calving event at some point between these two dates.
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